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1.0 - EXECUTIVE SUM'Y ' .

Between 1968 and 1969 the herbicide 2, 4, 5 the
‘herbicide 2,4,5 - trichlorophenoxyacetic acid (2,4,5 - T) was
ménufactured for the military at a chemical company located
adjacent to th Spfing River area in Verona, Missouri. Between
1969 and 1972, the facility produced hexachlorophene, using 2,4,5
- Trichlorophenol as an intermediate. In both herbicide and
hexachlorophenol production, 2,3,7,8 - tetrachlorodibenzo - p =~
dioxin was formed as a contaminant, The distillation residues
(containing TCDD) from hexachlorophene production was disposed of
at several locations in southwestern Missouri, resulting 1in
several wuncontrolled hazardous waste sites,. Distillation
residues were also used by some farmers along the Spring River
because it was thouéht the residue would prgvent hoof rot in
cattle, The Spring River supports one of the major sport
fisheries in southern Missouri, Because of the proximity of the
chemical manufacturing company and hazardous vwaste disposal sites
to the Spring Rivef, the Environmental Protection Agency (EPA)
developed a comprehensive dioxin monitoring program to detect the
presence of dioxin in the Missouri Spring River Basin.

On November 16, 1981, the EPA Region VII collected fish and
sediment samples from the'Spring Rivgr for 2,3,7,8-TCDD analysis.
The results of this effort confirmed the presence of'2,3,7,8-TCDD
in fish tissues. Subsequent sampling has been conducted in

- December 1981, August 1982, December 1983 and August 1984,



On September 6,‘83, Syntex Agribusiness,. . entered into
an Administrative Order with the EPA. Under this agreement,
Syntex was to develop a fish and sediment monitoring plan- for the
Spfing River in the vicinity of their Verona, Missouri facility.
The "Verona Plant Fish and Sediment Plan® was accepted by the EPA
on March 9, 1984, Under this order, the fish and sediment plan
shall provide, initially, for sampling and analysis of Spring
River fish for a five (5) year period extending up to twelve (12)
miles downstream frbm the facility. Such period and/or distance
may be extended or shortehed by mutual agreement based on the
results obtained. Therefore, the effort of this report is to
analyze fish and sediment data from the Spring River for the
period 1981 to late 1984 to determine if there is (1) no
statistically significant decrease in the fish results at the 0.3
mile location downstream from the confluence of the Slough area
and the Spring River (0.3 mile location) or (2) a statistically
significant aggregated increase in the fish results at all oﬁher
samplinglpoints.

All of the fish and sediment data has been collécted and
selected from EPA files 107 and set up as a fish and sediment
table (refer to table 1). The sediment statistical analysis was
not analyzed due to the "flushing" situation of the Spring River,

and also due to the lack of data, A one-half value of the
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detection limit was ‘igned to all t'ish sample;.'lioh ftall below
the detection limit of 15 ppt. Pie charts were also set up for
the convenience of couparing predators and/or bottom feeders
within a year, or among years (refer to table 24, 2B).

The fish statistical analysis was performed for fish data at
iocation 1 (0.3 mile location) and at aggregated location 2,3,4,5
(3,6,9,12 mile location) (aggregated method). Linear least
squared method and the Student's t distribution were applied for
the analysis. The fish analysis was also performed by combining
all the fish data at every location (combined method) for the
Spring River fish study.

The fish statistical analysis for the Spring River fish
study based upon the available data cannot be reliable since it
has a very few sampling data, and also because of the discrepancy
in data collections and the laboratory analytical methods.
However, regardless of these factors in efforts of learning the
extent ot TCDD contamination on the Spring River) The results
indicated that the whole fish data were more consistent and
reliable than that of the fish fillets, Aggregated method showed
no significant increase nor decrease of dioxin contamination
levels with time at neither location 1 or aggpregated location
2,3,4,5, Their results showed large values of significant
figures (table 9 and table 10). The combined method showed a
significant decrease of dioxin contawmination levels with tine as
well as with distance on the Spring River, Their resuits showed

small values of significant figures (5.1.B, 5.2.B, 5.3.B, 5.4.B)
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Further fish sanpling and analysis is needed for the Spring
River fish study. Fish sampling and analytical efforts should be
consistent; the bio-factors and effects of nature upon the Spring
River should also be taken into consideration for the Spring

River fish study.
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2.0 INTRODUCTION ‘ .

2.1. Historical Background

2.1.1. As early as 1961, the chemical plant (#) at
Verona, Missouri, located approximately 2 miles downstream from
the Spring River headwaters, had been implicated as a source of
water quality problems in the area. Initially, the problemnms
consisted of black sludge, foul.odors, and white, moss-1like
growth in the Spring Kiver downstream frow the plant. The Spring
River supports one of the major sport fisheries in southern
Missouri. Fishermen zlso take large numbers of non-sport fish by
gligging during the off-season. Giggers generally harvest and
consune & greater cquantity of fish than other anglers., In 1961,
tetrachlorodibenzo-p-dioxin (TCDD) was detected in gravel that
had been removed from the Spring River approximately 2 miles
downstteam frowm the plant, This finding l1ed to the decision by
EPA personnel to collect and analyze fishes from the Spring River
in the viecinity of Verona for TCDD.

2.1.2, The Spring River arises about three wmiles south
of Verona, flows north past Verona, then turns west into Kansas
and then south into Oklahoma. There it empties into the Lake of
the Cherokees about 115 stream miles from Verona, In the upper

reaches, the river is a typical Ozark stream with rocky gravel

# The chemical plant is operated by Syntex Agribusiness, Inc.,
who manufactures animal feed supplements. The plant is owned bYy
Syntex corpoation, The plant was purchased in 1969 from Hoffman-
Taft Company who, in the late 1960's, wmade the herbicide 2,4,5-
trichlorophenoxyacetic acid. Between 1970 and 1972, part of the
plant was leased to Horth Eastern Pharmaceutical and Chemical
Company (NEPACCO) who manufactured hexachlorphene, a germicide.
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bottom and intermi'nt riffle areas separ'a.i by quiescent
pools. There is l1little apparent sift deposition in the upper
reaches and, in fact, the stream is a source of gravel for
various construction activities. The upper reaches of the stream
are subject to flooding on a fairly regular basis.

Species of fish in the river (liissouri portion) include
red horse, suckers, sunfish, bass, carpsucker, bluegill, carp and
catfish, The Missouri Department of Comservation has described
the Spring River as being the most popular bass fishing stream in
southwest lissouri and a 1977 survey estimated the economic value
of the fishing recreation to be worth approximately 0.75 million
dollars per year to the local econoumy. In addition to the
fishing by rod and reel, gigging is also popular on the Spring
KEiver. This activity is of primary concern to state health
officials because of the quantity of fish obtained and consumed
in this manner.

2.17.3. In October 1981, the EPA Region VII determined
that fish and sedinent from the Spring Kiver should be collected
for 2,3,7,8-TCDD analysis., The first fish and sediment samples
analysis were collected on November 16, 1981. The results of
this effort confirmed the presence of 2,3,7,8-TCDD in fish
fissues. Subsequent sampling has been conducted in December
1981, August 1982, December 1983 and August 1984.

éJ.M. On September 6, 1983, Syntex Agribusiness, Inc.
entered into an Administrative Order with the EPA. Under this
agreenent, OSyntex was to develop a fish and sediment monitoring

plan for the Spring River in the vicinity of their Verona,
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Missouri facility. The "Verona Plant Fish and Sediment Plant"
was submitted by Syntex to the EPA on October 12, 1983. After
review, comnkents, and revisions, a revised plan dated March 9,
1984 was accepted by the EPA.
2.2, Objective
2.2.1. The Adrinistrative Order stated that the Fish
and Sediwent Plan shall provide, ihitially, for sampling and
analysis of Spring River fish for five (5) year period extending
up to tuelve (12) miles downstream from facility. Such period
and/or distance may be extended or shortened by nutual agreenmnent
based on the result obtained. EPA nay extend the initial five
(5) year period at one year intervals and at twelve (12) mile
incremnents for up to 5 years past this initial sampling period
when (1) no stetistically significant decrease in the fish
results has been observed at the 0.3 mile location downstrean
from the confluence of the slough area and the Spring River or
(2) a statistically significant aggregate increase in the fish
results has been observed at all other sampling points.
2.2.2. Therefore, the specific objectives of this
report were to:
(1). Obtain fish and sediment data from 1981 to
late 1984,
(2)., Summarize data and plot.
(3). Apply statistical methodology set forth in the
approved "Verona Plant Fish and Sediment

Plan" and prove if there is:
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17-8502-16 4

a.— No statistical decr'e'e in the fish

at the 0.3 mile location downstreamn fromn
Syntex.

b. - A statistical significant aggregated
increase in the fish results at all other

sampling points.




3.0 BACKGROUKD AND 'LYTICAL METHOD '

In measuring the presence of dioxin in the environment
surrounding the area of Verona, Missouri, many physical,
chemical, and biological factors were considered. In the
following subsections, the chemical structure, formation, and
physical transport of tetrachlorodibenzo~p-dioxin (TCDD) through
water and sediwment is discussed. The ways in whieh TCDD is
absorbed and the levels at which it is toxiec in fish, and
benthic macroinvertebrates are also addressed in detail.

3.1 Chenistry of Chlorinated dibenzo-p-~dioxin

3.1.1. Chenistry Structure

A dioxin is any member compound of a family of
compound known chemically as dibenzo-p-dioxins, Each member of
this chemical family has as a nucleus a triple ring structure
consisting of benzene rings interconnected through a pair of
oxygen atoms. This general dioxin structure as well as the
methods by which chlorinated phenols may react to becomne dioxins

are illustrated in Figure A,

17-8502-16 5
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Theoretically, there are 75 different chlorinated
dioxins, each with different physical and chemical properties,
differing only in the number and relative position of the
chlorine atoms on the dioxin nucleus. Because of the parallel or
"mirror image" similarity of structure about many axes of the
dioxin nucleus, the total number of different isomers for each
group of chlorinated dioxins has been estimated. For example, of
the 75 identifiably different dioxins there are 22 isomers of
tetrachlorodibenzo-p-dioxin (TCDD).

3.1.2. Dioxin Formation

Dioxins are made by condensing catechols with
polychlorinated benzenes. They are also easily generated by

heating chlorinated phenols.
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A dioxin c‘f‘orm any time the follow. two conditions

exist in the precusor chemical:

(1) An ortho-substitued benzene ring in which one of
substituents contains an oxygen atowm attached
directly to the ring.,

(2) One of the substituents is capable of reacting
with and being displaced by the oxygen
atomn.

These conditions can be met by many compounds, but
probably the chlorinated phenols and their sodium or potassium
salts are the largest class of potential precusors, Not all
potential precusors, however, are reactive enough to produce a
high dioxin yield.

The production of dioxins usually occurs with low yields and
under specific or unusual conditions. Dioxin forwmation is
generally determined by temperature. Temperature favorable for
dioxin formation range from about 180 to 400°C. The presence of
dioxins has been reported in the combustion of herbicides,
chlorinated phenols, PCbs, fly ash, and cigarette smoke. Once
formed, the dioxin nucleus is quite stable, and decoumposition
does not occur until tewmperatures of approximately 8§00 °C or
higher are reached.
3.2. Physical Transport.

3.2.1. Water

The water solubility of TCDD is 0.2 ppt ( United State
Environmental Protection Agency [EPA] 1980 ). Since TCDD binds
rather tightly to soil particulates, and the water solubility of

TCDD is so low, the amount washed out of soils is small compared

17-8502-16 7



to the amount present in soil. The equilibrium constant for

partitioning between water and soil for TCDD is given by the

formula:
Cs = Ksw . (Cw) exp. 1/n
where:
Cs : concentration of TCDD in soil
Cw : concentration of TCDD in water

Ksw : partition coefficient for soil and water, and
1/n : empirical exponent.

Using data by Isensee and Jones (1975), JRB Associates
(Veterans Adwministration 198l) calculated a Ksw by assuming n=l
in the above equation. From the six sets of data in the Isensee
and Jones paper, JRB Associates estimated that the partition
coefficient (Ksw) lies between 11,000 to 21,000. This would mean
that less than 0.009%7 of the TCDD in soil would distribute into
the water phase.

However, the Ksw values were apparently calculated for
soil with moderately with low organic content. Thus, soils with
a higher partition coefficients and less than 0.0005% of the
TCDD would partitiom 1into the water phase. If similar
calculations are made using findings from the Nash and Beall
study (1978), the Ksw for their soil would be approximately
125,000; in other word, only about 0.0008% of TCDD would be
removed by the water phase.

3.2.2. Sediment

The accumulation of TCDD and TCDD-related compounds in

sediments has been reported by many investigators (Pierce et al.
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1980; Stalling et QL.Q981; Hites and Avilla (lg) reported that
organic compounds with water solubilities of less than 5,000 ppb
and with a n-octanol/water partition coefficient greater than 10
exp. 5 will accumulate in sediments. TCDD solubility is 0.2 ppb,
and even though the n-~octanol/water partition coefficient 1is not
known, TCDD does tend to accumulate in sediments.

TCDD's affinity for accumulating 1n sediments has
environmental significance, since organics having a low water
solubility usually become associated with the sediments where
they persist for a longer period of time and are released at very
slow rates into the moving water. Thus, the sediment and not the
water becomes the medium of sampling interest, Futhermore, low-
level but chromnic exposure to such a chemical increases the
likelihood of accumulating harmful levels in target organism
within the sediment and water.

Hites and Avilla (1980) evaluated sedimentary
accunulation of industrial organic compounds discharged into a
river system. They found TCDD in the effluent and reported that
many organic compounds accunulated in the river sediments where
they are stable and built up to high concentrations. In their
study, the concentrations of organics decreased with the depth of
sediment and with increasing distance from the source.

3.3 Biodynamics

3.3.1 Fish

Since different fish species bioconcentrate dioxin at
different rates, the proper selection of fish species used for
monitoring dioxin levels in the aquatic environment is essential

when determining the degree and extent of TCDD contamination,

17-8502-16 9



Some examples of various bioconcentration factor (BCI) are 24,000
for mosquito fish, 2,000 for catfish, and 6,660 for rainbow trout
(Isensee and Jones 1975; Dow Chemical Company, 1978). The higher
BCF values demonstrate the potential for TCDD to bioconcentrate
in the aquatic environment. Furthermore, since these authors did
not report that BCF values were measured at steady states, the
potential for bioaccumulation may be even higher.

Factors affecting dioxin bioconcentration in fish are
metabolism, fat content, age, and feeding habits. Generally,
older fish and fish with higher fat content bioconcentrate TCDD
to higher levels (Bache et al, 1972). Similarly higher tropic
levels of fish accumulate higher concentrations of TCDD
(biomagnification).

In additional considerations for developing a monitoring
strategy are fish abundance, fish distribution, and migration
patterns. It is also important to sample fish for environmental
contaminants during the same time period each year because
contaminant levels 1n fish fluctuate on a seasonal basis,
particularly when fish are spéwning (Wilfred 1982). When
spawning, fish should contain the highest TCDD levels since TCDD
lipophilic and fish build-up a large body of reproductive
materials high in fats. Therefore, sampling fish during this
time period will provide data on maximum TCDD levels in fish.

3.4 Analytical Method - General

The following methods will be applied in the fish

statistical analysis of the Spring River, Missouri.

3.4.1 Linear Regression
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In linear .ression there are three j.:rtant values,
r, m, b. The correlation coefficient r shows the relationship
between two variables for & particular sample, The value cf r is
between -1 aﬁd 1. If r equal -1 or 1, all points on the
correlation diagram are on a line., The further the value of r is
from -1 and 1, the less the points mass about the line and the
less reliable is the correlation, If r is greater than 0, it
shows a positive correlation (y is in proportion to x) and if r
is less than 0, it is a negative correlation (y is inverse
proportion to x).

The equation for the straight line is y = x + b. The
point at which the line crosses the y axis is b (intercept). The
slope 1is uw.

y = mx + b (1)

Moz (2)

m < Sx* (3)

b = G -am%x (4)

where:
r : correlation coefficient
W : the slope
o] : the intercept

17-8502-16 11
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3.4.2 Student's t distribution applied to confidence

limits on slope and intercept values.
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Wheon using the linear least squares method to fit the
straight line,
y = mx + b
to a set of n values of xi and yi, theIStudent's t distribution,
with (N-2) degrees of freedom, should be used to estimate
confidence limits. If/& is the statistically true value of the

slope m, and(b is the true value of the intercept b (i.e., m 9/“

and b 9(5 as N >00) then

N
. m ttis (s)
. NS (XY .
= (0 K
B=btts i _ (9)
where: NZ.(K)L —(Eﬁ\

S (10)
N-2
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The value .t is selected fromn table.f‘ the Student's
t distribution, using (N-2) degrees of freedom and the desired
confidence limits (refer to table 4§).

For example, if one wants to place 95% confidence
limits (p = 0.05) on the slope and intercept derived from a set
of 6 points, then using U4 degrees of freedom, the probability is
0.025 (The probabilities indicate the percent of the area in both
tails of the curve (to the right and left of the mean) beyond the
indicated value of t. Therefore, the probability p = 0.05 neans
that there will be 0.025 of the area in each tail beyond at t -
value) that t 3 2.776. Therefore the probability is 0.95 that

-2.776 ¢ t £ + 2.776. So far the 95% confidence limits, the value
t = 2.776 would be used in the above forumulas.

The Student's t distribution is applied to determine
significant figures when using only a few points to estimate both
the mean and the standard deviation.

3.4.3 General equation of TCDD concentration as a

dependence of tiume and distance on the Spring

river

In y(i) = 1n BO + B1.T + B2.X + e(i) (11)

where:
y(i) : TCDD concentrétion of 1 sample
T : Tine (year)
X : Distance (mile)

BO,B1,B2 : constant
e(i) : random error of i sample,.

In order to find the constant values of Bi1, and B2, the
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following steps are desired (refer to section 9.’

3.4.3 (1) a. A graph of whole fish concentration
(transformed data) versus time for each location on the Spring
River will be plotted using linear least squareb method. The
graphs then give:

In y1(i)

ln BO,1 + B1,1.T + el(i) @ locationm

[a——

(12)
ln y2(i) = 1n BO,2 + B1,2.T + e2(1i) @ location 2 (13)
In y3(i) = 1n B0,3 + B1,3.T + e3(i) @ location 3 (14)
In y4(i) = 1n BO,4 + B1,4.T + e&4(i) @ locatiom &4 (15)
In y5(1) = 1ln BO,5 + B1,5.T + e5(i) @ location 5 (16)

b. Using all of the above equations,
calculate the data points for each year.

c. Piot a graph of TCDD concentration
(calculated data from part b above) versus time, which 1is
independent of locations, using linear least squares method

In y(i) = 1n BO + Bl.T + e(i) (17)

d. Student's t distribution is then
applied to calculate the confidence interval for the slope and
intercepts values of the above equation (equation 17), and that
should give a value of constant Bl

ln y(i) = (1nB0O iQH ) + (Bl i/h ). T (18)

3.4.3 (2) a. A graph of whole fish TCDD
concentration (transformed data) versus distance on the Spring
River for each year will be plotted using linear least squares

method. The graphs then yield

ln yl(i) = 1n*,1 + B2,1.X + el(i) @ 1981  (19)
In y2(i) = 1n*,2 + B2,2.X + e2(i) @ 1982  (20)
In y3(i) = 1n¥*,3 + B2,3.X + e3(i) @ 1983  (21)

17-8502-16 14



In y4(i) = ln*,‘ B2,4.X + eli(i) @ 1984‘(22)

b. Using all of the above equations,
calculate the data points for each location.

C. Plot a graph of TCDD concentration
(calculated data from part b above) versus distance, which is
independent of time, using linear least squares method.

1n y(i) = 1lnB% + B2.X + e(i) (23)

d. Student's t distribution is then
applied to calculate the confidence interval for the slope and
intercept values of the above equation (equation 23)

1n y(i) = (1lnB¥% «+ ) + (B2 + ). X (24)
3.4.3 (3) Similar method (refer to 3.4.3.1) will be
used to analyze fish deta for location 1 and for the combined

location 2,3,4,5 in each year.
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4,0 PROCEDURE FOEK S'ISTICAL ANALYSIS .

4.1 The following steps which are suitable for data
interpretation and also satisfied the statistical methodology set
forth in the approved "Verona Plant Fish and Sediment Plan" are
desired for the fish and sediment statistical analysis of the
Spring River:

4.1.1 Collect all fish and sediment data

4.1.2 Set up a table of fish and sedipent data in
order of sample nuwmber, date of collection, result(s) and
location. (Refer to table 1). The following steps are applied:

(1) Match up location and result of a particular
sanple to get its sample nuwrber.

(2) Match up sample number and result of a particular
samnple to get its location.

(3) Match up all resultant sources of a particular
sapmple to get its up-date data.

(4) Gather all information of a particular sample to
get a best description of its location.

h,1.3 Distinguish and verify bottom feeder and
predator species for each year of collection. (refer to Table 1).

b,1.4 Verify five (5) locations on the Spring River
for the statistical analysis. (refer to 9.1).

4,2.1 (a) Plot a graph of whole fish (bottow feeders)
TCDD concentration versus time for each location on the Spring
River (Figure 1A) using linear least squares method.

(b) Plot a graph of whole fish (bottom feeders)

TCDD concentration versus time, which is independent of locations

(Figure 1B) using linear least squares method.
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4.2.2 (a) Plot a graph of fish fillet (bottom
feeders) TCDD concentration versus time, at each location on the
Spring River (Figure 2A) using linear least squares method.

(b) Plot a graph of fish fillet (bottom
feeders) TCDD concentration versus time, which is independent of
locations (Figure 2B) using linear least squares method.

4.2.3 (a) Plot a graph of whole fish (bottom feeders)
TCDD concentration versus distance (location) for each year of
sample collection on the Spring River (Figure 3A) using linear
least squares method.

(b) Plot a graph of whole fish (bottom feeders)
TCDD concentration versus distance (location), which 1is
independent of time (Figure 3B) using linear least squares
method.

4.2.4 (a) Plot a graph of fish fillet (bottom
feeders) TCDD concentration versus distance (location for each
year of sample collection on the Spring River (Figure 4A) using
linear least squares method.

(b) Plot a graph of fish fillet (bottom
feeders) TCDD concentration versus distance (location), which 1is
independent of time (Figure 4B) using linear least squares
method.

4,2.5 (a) Plot a graph of whole fish (bottom feeders)
TCDD concentration versus time at location 1 and of the combined

location 2,3,4,5 (Figure 5A) using linear least squares method.
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(b)QIOt a graph of whole fish”bottom feeders)

TCDD concentration versus time, which is independent of locations
(Figure 5B) using linear least squares method.

4.2.6 (a) Plot a graph of fish fillet (bottom
feeders) TCDD concentration versus time, at location 1 and of the
combined location 2,3,4,5 (Figure 6A) using linear least squares
method.

(b) Plot a graph of fish fillet (bottom
feeders) TCDD concentration versus time, which is independent of

locations (Figure 6B) using linear least squares method.
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5.1,A. Whole fish (bottom feeders) TCDD concentration versus

5.0 RESULTS FOR THEQRING RIVER STUDY

time at each location on the Spring River (figure 1A).

Location TCDD conncentration vs. T Correlation r
Location 1 - 0.3 miles
In y(a) = -0.24T + 4.61 -0.3767
downstream fr. Syntex (b)
Location 2 - 3.0 miles
In vy = 0.02T + 3.60 1.000

downstream fr. Syntex

Location 3 - 6.0 miles

ln y = =-0.22T + 3.44 -1.000
downstream fr. Syntex
Location 4 - 9.0 wmiles
downstream fr. Syntex T
Location 5 - 12 miles

In y = -C.,61T + 4.43 -1.000

downstream fr. Syntex

TABLE 5: Whole fish (bottom feeders) TCDD concentration

versus time at each location on the Spring River.

a - TCDD Concentration of 1 sample in ppt.
b - T time in year.
5.1.B - whole fish (bottom feeders) TCDD concentration

versus time, which is independent of locations (Figure 1B)

In 'y = (=0.26 + 0.27) . T + (4.02 + 0.37)
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5.2.A. Fish fi!!et (bottom feeders) TC!! concentration

versus time at each location on The Spring River (figure 2A4)

Location TCDD concentration vs., T Correlation r
Location 1 - 0.3 miles
in y(a) = -1.15T + 6.14 -0.9744
downstream fr. Syntex (b)
Location 2 - 3 miles
In y = =0.59T + 3.42 -1.000

downstream fr. Syntex

Location 3 - 6 miles

in y = ~0.81T + 4.32 -1.000
downstream fr. Syntex
Location 4 - 9 miles

in y = -0.34T + 2.04 -1.000
downstream fr. Syntex
Location 5 - 12 miles

ln y = 0.09T + 0.90 0.3032

downstream fr. Syntex

TABLE 6: Fish fillet (bottom feeders) TCDD concentration

versus time for each location on the Spring River

a - TCDD concentration of 1 sample in ppt
b - Time in year
5.2.,B - Fish fillet (bottom feeders) TCDD concentration

versus time, which i1s independent of locations (Figure 2B)

In y = (~0.56 £0.36)T + (3.36 + 0.43)
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5.3.A - VWhole mlsh (bottom feeders) TCD! concentration

versus distance for each year of sample collection (Figure 34)

Year TCDD concentrationm vs. X Correlation r

1981 in y(a) = -0.09X + 3.89 -1.000

1982 in y = -0.17X + 4.82 -0.8082

1983 - -

1984 in y = -0.16X + 3.83 -0.9486
TABLE 7: Whole fish (bottom feeders) TCDD concentration

versus distance tor each year of sample collection

a - TCDD concentration in ppt
b -~ X distance 1in mile
5.3.B - Whole fish (bottom feeders) TCDD concentration

versus distance, which is independent of time (Figure 3B)

Iny = (-0.14 % 0.10).X + (4.18 + 0.43)
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5.4.A Fish fi'!et (bottom feeders) TC!! concentration

versus distance for year of sample collection.,

Year TCDD concentration vs, X Correlation r
1981 In y(a) = -0.19X + 3.41 -1.000

1982 In y = -0.24X + 3.89 ~0.9884
1983 In y = -0.13X + 3.04 -1.000

1984 In y = -0.04X + 1.28 -0.6194

TABLE 8: Fish fillet (bottom feeders) TCDD concentration
versus distance for each year of sample collection.
a - TCDD comcentration in ppt
b - X distance 1n mile
5.4.B Fish fillet (bottom feeders) TCDD concentration
versus distance, which is independent of time (Figure 4B)

In y = (-0.11 % 0.26)X + (2.55 + 0.96)
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TABLE 1: SPRING RIVER

FISH AND SEDIMENT DATA

LAB NUMBER DATE FISH LABORATORY AND DATA (TCDD in ppt)
LOCATION FISH SPECIES (COMPOSITE) OF AGE NCTR CNFRL UNL EPA VII
COLLECTION YEARS W# q i W# F# W
Spring River € R.M. AA2401-1 white sucker-=B(a) 4
0.7 S. of Verona - -2 " " 3
117.2 miles -3 " " Nov. 16, 1981 5 NA 19 15 NA 25
upstream from Lake -4 m " 5 (15)
of Cherokees - 2.1 -5 " " 4
miles upstream from
Syntex -6 Hog Sucker NA NA NA NA <16 NA
-7 " n (<16)
Spring River € R.M. AA2402-1 White Sucker-=B(a) 4
5.6 downstream -2 " " 3
Douger Ck. Confl = -3 " n Nov. 16, 1981 3 NA 36 39 NA NA
112.3 miles -4 " it (60)
upstream from Lake -5 " n 3
of Cherokees - 2.8
miles downstream AA2402-6 White Sucker-B(a) 5
from Syntex -7 " " 5
-8 n Nov. 16, 1981 y NA NA NA 17 NA
-9 ® n 4 (20)
-10 " " 2
Spring River € R.M. AA2403-1 White Sucker-B(a) 3
4.3 downstream -2 " " Nov. 16, 1981 2 NA NA NA 15 NA
Douger Ck. Confl - -4 n n NA (15)
113.7 miles
upstream from Lake
of Cherokees - 1.4
miles downstream
from Syntex - Station
# 2
Spring River € R.M. AA2404-1 White Sucker-B(a) 4
11 = 107 miles -2 " " 4
upstream from Lake -3 " " Nov. 16, 1981 4 NA NA NA 6 NA
Cherokees - 8.1 -4 " 3 (6)
miles downstream -5 " L 2
from Syntex
-6 Hog Sucker-B(a) Nov. 16, 1981 NA NA NA NA 5 NA
-7 ® " (5)
-8 Creek Chub=P(a)
-g " " Nov. 16, 1981 NA NA NA <1 <8
-10 " n ((8)
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TABLE , SPRING RIVER FISH AND SEDIMENT DATA (cont.)

LAB NUMBER DATE FISH LABORATORY AND DATA (TCDD in ppt)
LOCATION FISH SPECIES (COMPOSITE) OF AGE NCTR CNFKL UNL EPA VII
COLLECTION YEARS W# W W# F# W#
Spring River € R.M. AA2405-1 White Sucker-B(a) 4
3.2 N, of Verona = -2 " " 4
114.8 miles
upstream from lake -3 Hog Sucker=-B(z) NA
of Cherokees - -4 n " Nov. 16, 1981 NA 55 37 52 NA 45
0.3 miles downsteam -5 n " NA (120)
from Syntex. -6 " " NA
-7 Creek Chub=-P(a) NA
_g " Nov. 16, 1981 NA NA NA NA 18 NA
-g m " NA (30)
-10 " "
Celia's Spring AA2406-1 Rainbow Trout-P(a)
River Trout Farmn -2 " "
€ R.,M. 0 - 118 -3 Nov. 16, 1981 NA <25 <1 <9 NA NA
miles upstream from -4 (<9)
Lake of Cherokees - -5 "
2.9 miles upstreamn
from Syntex -
Site 2
Spring River € R.M. SD5002-1 Carp-B(a)
96 at Baxter -2 "
Springs - 22 miles -3 " Dec. 28, 1981 NA NA NA (<3.0) NA NA
upstream from Lake -4 u
of Cherokees - 93
miles downstream
from Syntex - Site 14
Celia's Spring Riv- SD5003-1 Rainbow Trout-P(a)
er Trout Farm € -2 " "
5.3 - 118 miles up- -3 " " Dec. 28, 1981 NA NA NA (<0.81) NA NA
stream from Syntex -4 m
- Site 2 -5 " n
Spring River € R.M. SD5004-18 White Sucker-B(a)
36 - immediately N. -20 " " Dec. 28, 1981 NA NA NA (<1.2) NA NA
of La Russell = -22 " "
82.1 miles upstrean -24 v n
from Lake of Cher-
okees - 33 miles -19 White Sucker-B(a)
downstream fron -21 " " Dec. 28, 1981 NA NA NA NA (<0.92) NA
Syntex - Site 11 -23 " "
_25 n n
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- ' TABLE ’ SPRING RIVER FISH AND SEDIMENT DATA (cont.) . .

LAB NUMBER DATE FISH LABORATORY AND DATA (TCDD in ppt)
LOCATION FISH SPECIES (COMPOSITE) OF AGE  NCTR CNFRL UNL EPA VII
COLLECTION YEARS  W# ' W Fé# 7

SD5004~5 Small Mouth
Bass=-P(a)

-6 " "
-7 M n
-8 m " Dec. 28, 1981  NA NA 6.2 NA NA NA
-9 "
-10 " "
_7 n "
Spring River € R.M. SD5008-24 Spotted
46, approximately Suckers=-B(a)
1.7 miles E - NL.E. -25 " "
of Carthage, MO, -26 " n Dec. 28, 1981 NA NA NA <1 NA NA
72.1 miles upstreanm 27 " n
from Lake of Cher- -28 " "
okees - 43 miles -30 " "
downstream from
Syntex - Site 12 SD5008-1 Largemouth
Bass-P(a)
-2 u "
_3 " "
b om n
-5 " " Dec. 28, 1981 NA NA 2.54 NA 1 NA
_6 " n
_.7 n
_8 " "
..9 n "

SD5008-33 Shorthead
Redhorse=B(a)

-34 L
-35 " . Dec. 28, 1981  NA NA 1.1 NA NA NA
_36 n "
Spring River € R.M. SD5010-16 River
69 N. of Gayles=- Redhorse-B(a)
burg, MO - 49 miles -17 Shorthead
upstream from Lake Redhorse Dec. 28, 1981 NA NA 0.8 NA NA NA
of Cherokees - 66 -16 " "

miles downstream
from Syntex - Site 13
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- . TABLE ’ SPRING RIVER FISH AND SEDIMENT DATA (cont.) .
LAB NUMBER DATE FISH LABORATORY AND DATA (TCDD in ppt)
LOCATION FISH SPECIES (COMPOSITE) OF AGE NCTR CNFRL UNL EPA VII
COLLECTION YEARS W# W# Wi F# W

Spring River € R.M. OCL21001-[I] White Suckers-B(a)
" n

0.7 - 2.0 miles [1]
upstream from [T] » "
Syntex - Station [(ry » "
# 1 - Site 5 [T] » "
[I] ® " Aug. 1, 1982 NA NA NA ND <5 NA
[I] " "
[I] n n
[I] n "
[I] " n
Spring River € R.M. 0CL21002-[I] Green Sunfish-P(a)
0.7 - 2.0 miles i11] * “
[I] "
[I] n "
(] » " Aug. 1, 1982 NA NA NA (40) 14 NA
[I] v n
[I] " "
[r] » u
[I] n "
[I] v n
N. of Verona € R.M. OCL21003-[I] White Sucker-B(a)
- 0.27 miles down- [I] © n
stream from Syntex [I] » "
- Station # 2 [I] » "
Site 2 [1] ® " Aug. 1, 1982 NA NA NA (180) 40 NA
[I] n "
[I] " "
[1] "
[1] v
[ryj o "
N. of Verona € R.M. OCL21004-[I] Green Sunfish-P(a)
3.2 = 0.27 miles (Ii © -
downstream from [I] © "
Syntex - Station 2 [I] » "
Site 2 [I] » " Aug. 1, 1982 NA NA NA (200) 3 NA
[I] n "
[I] " "
[I] Smallmouth Bass
[I] " n
[I] " "
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\
- . TABLE ’ SPRING RIVER FISH AND SEDIMENT DATA (cont.) ' .
LAB NUMBER DATE FISH LABORATORY AND DATA (TCDD in PPt)
LOCATION FISH SPECIES (COMPOSITE) OF AGE NCTR CNFRL UNL EPA VII
COLLECTION YEARS W# W W# F# W#
Spring River € R.M. OCL21007=[I] White Suckers-B(a)
7.9 = 5 miles down=- {11 ¥ "
stream from Syntex [ry v "
- Station # 3 (Id ¥
Site 6 [ry » Aug. 1, 1982 NA NA NA (20) 15 NA
(ry »
[I] " "
[I] " n
[I] n "
[I] " "
Spring River € R.M. OCL21008-[I] Creek Chub=-P(a)
7.9 - 5 miles [I] n "
downstream from [I] "
Syntex - Station [I] ® "
# 3 = Site 6 [I] » " Aug. 1, 1982 NA NA NA 35 15 NA
[I] » " 45
[I] " n
[I] " "
[I] n "
[I] n n
Spring River € RK.,M, OCL21010-[I] Golden Redhorse-B(a)
14 - 11 miles [I] » "
downstream from [ry n "
Syntex - Station [T] » "
# 4 - Site 4 [I] v "
fry » " Aug. 1, 1982 NA NA NA (25) (2.5) NA
LIJ " i
[I] " "
[I] n n
LI] n "
Spring River € R.,M. OCL21011-[I] Smallmouth Bass(a)P
14 - 11 miles [I] » n
downstream from [I1 » "
Syntex - Station [rj » "
# 4 - Site 4 [rj » " Aug. 1, 1982 NA NA NA (40) 2 NA
[I] ™ "
[I] " n
[I] Green Sunfish
LIJ n "
LI] 1] "
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TABLE 1: SPRING RIVER FISH AND SEDIMENT DATA (cont.)

LAB NUMBER DATE FISH LABORATORY AND DATA (TCDD in ppt)
LOCATION FISH SPECIES (COMPOSITE) OF AGE NCTR CNFRL UNL EPA VII
COLLECTION YEARS W# WE W# Fé# W
Spring River € R.M. AAC401-[I]J(e)(Db) Dec. 15, 1983 NA NA NA (d)(f) <9 (da)(f)
15 = 12 miles down=-
stream from Syntex
Location 5
Spring River € R.M. AAC403-[I](ec)(b) Dec. 15, 1983 NA NA NA 28 (a)(f) (a)(f)
3.3 = 0.3 miles
downstream fromn AACL403-[I] White Sucker-=B(a)
Syntex - Location Lrj » "
1 [I] " "
[I] " "
[(I] v " Dec. 15, 1983 NA NA NA (d)(f) 20 (a)(f)
[I] n "
[I] " "
[IJ " n
[I] " n
[I] " n
Spring River € R.M. BAC402-[I]J(e)(b)=B(a) Aug. 1, 1984 NA NA NA NA 4 NA
3.2 = 0.3 miles BAC402-[I](e)(b)=B(a) Aug. 1, 1984 NA NA NA 40 NA NA
downstream from
Syntex - Location 1
Spring River € R.M. BAC403-[I]J(ec)(b)=B(a) Aug. 1, 1984 NA NA NA NA 3 NA
5.8 = 3 miles BAC4O3-[I](e)(b)=B(a) Aug. 1, 1984 NA NA NA 40 NA NA
downstream from
Syntex - Location 2
Spring River € R.M. BACUO5-[I](e)(b)=-B(a) Aug. 1, 1984 NA NA NA NA 3 NA
8.9 - 6 miles BAC405-[I](e)(b)=-B(a) Aug. 1, 1984 NA NA NA 13 NA NA
downstream from
Syntex - Location 3
Spring River € R.M. BACU406-[I](c)(b)=B(a) Aug. 1, 1984 NA NA NA NA 2 NA
11.9 = 9 miles
downstream from Syntex
- Location 4
Spring River € R.M. BAC408-[I]J(e)(b)-B(a) Aug. 1, 1984 NA NA NA NA <2 NA
15 = 12 miles down=- <15

stream from Syntex
Location 5
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- TABLE 1: SPRING RIVER FISH AND SEDIMENT DATA (cont.)
LAB NUMBER DATE FISH LABORATORY AND DATA (TCDD in ppt)
LOCATION FISH SPECIES (COMPOSITE) OF AGE NCTR CNFRL EPA VII

COLLECTION YEARS W W W F# W

Spring River € R.M, BAC409-[I](e)(b)=B(a) Aug. 1, 1964 NA NA NA NA 4 NA

3.2 = 0.3 miles

downstream from

Syntex - Location 1

Unknown BACL410-[I]J(e)(Db) Aug. 1, 1964 NA NA NA (a) (d) NA

Unknown BAC415=-[I]1(e)(Db) Aug. 1, 1984 NA NA NA (d) (d) NA

Unknown BACK16-[I](c)(Db) Aug. 1, 1984 NA NA NA (d) (a) NA

Spring River € R.M, BACU417-[I](e)(b)=-B(a) Aug. 1, 1984 NA NA NA 12 NA NA

11.9 - 9 miles down=

stream from Syntex -

Location 4

Spring River € R.M. BAC418=-[I]J(c)(b) Aug. 1, 1984 NA NA NA 3 NA NA

15 = 12 miles down-

stream from Syntex

Unknown BAC419-[I]1(c)(Db) Aug. 1, 1984 NA NA NA (d) (d) NA
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- . TABLE ‘ SPRING RIVER FISH AND SEDIMENT DATA (cont.) .
LAB NUMBER DATE LABORATORY AND DATA (TCDD in ppt)
LOCATION FISH SPECIES (COMPOSITE) OF
COLLECTION

Unknown AS2501=-Mussel Unknown (J) ND
Unknown AS2502-Mussel Unknown (j) ND
Unknown AS2503-Mussel Unknown (Jj) ND
Unknown AS2504-Mussel Unknown (j) ND
Unknown AS2505-Mussel Unknown (j) ND
Unknown AS2506=-Mussel Unknown (J) ND
Unknown AS2507-Mussel Unknown (j) ND
Spring River € R.M. OCL21005-[I] Crayfish(g)(20)
3.2 - North of [rj = "
Verona - 0.3 miles [rg » "
downstream from Lr] » " Jan. 1, 1983 9(f)
Syntex [I] " "

[I] n "
Spring River € R.M. OCL21006-~[I] Invertabrates Jan. 1, 1983 12(1)
3.2 = North of
Verona - 0.3 miles
downstream from
Syntex
Spring River € R.M. OCL21009-[I] Mussels (g)(18)
11 = 8 miles down- [rj v "
stream from Syntex LI} o i

[ry » " Jan. 1, 1983 3(f)

LIJ " n

LIJ " n

17-8502-16 31

Sg'




- ‘ TABLE ’ SPRING RIVER FISH AND SEDIMENT DATA (cont.) .
LAB NUMBER DATE LABORATORY AND DATA (TCDD in ppt)
LOCATION FISH SPECIES (COMPOSITE) OF UNL EPA VII
COLLECTION

Unknown ANO390~- Sediment 1981 13,000(h)

570(1)
Unknown ANO391- Sediment 1981 NA(h)

49(1)
Unknown ANO392~- Sediment 1981 100(h)

25(1)
Unknown ANO393- Sediment 1981 36(h)

6(1i)
Unknown ANO394~ Sediment 1981 6(h)
2(1)

Unknown ANO107-113- Sediment 1981 660(h)

130(1)
US 69 BRDG, area SD0501- Sediment Nov. 16, 1981 <10
€ r.m, 0.7 - South
of Verona - 2.1
miles upstream
from Syntex
Spring River € R.M. SDO0502- Sediment Nov. 16, 1981 <20
506 - 2.8 n’.ileS
downstream from
Syntex
Spring River € R.M. SDO504~- Sediment Nov. 16, 1981 <10
11, North of
Verona, 8.1 miles
downstream from
Syntex
Spring River € R.M. SDO0O505- Sediment Nov. 16, 1981 12
3.2, North of
Verona, 0.3 miles
downstream from
Syntex
Celia's Spring River SD0512- Sediment Nov. 16, 1981 <5

Trout Farm € R.M.
0.2 = 9 miles
upstream from
Syntex
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- ‘ TABLE ’ SPRING RIVER FISH AND SEDIMENT DATA (cont.) ‘

LAB NUMBER DATE LABORATORY AND DATA (TCDD in ppt)
LOCATION FISH SPECIES (COMPOSITE) OF
COLLECTION
Unknown - Spring AC4301~ Sediment Sept. 14, 1982 <120 (f)
River at Hwy 60
bridge upstream
from Verona
Unknown - Spring AC4302~- Sediment Sept. 14, 1982 <110 (f)
River before Verona
Unknown - Spring ACL4303- Sediment Sept. 14, 1982 <120 (f)
River near Hoberg
Unknown - Harvey AC4304~ Sediment Sept. 14, 1982 <160 (f)
Creek near Hoberg
Unknown - Spring AC4305- Sediment Sept. 14, 1982 <120 (f)
River downstream
from Mt. Vernon
Unknown - Spring AC4306- Sediment Sept. 14, 1982 <100 (f)
River at LaRussel
Spring River, 12 AACU400- Sediment Dec. 15, 1983 <9 (f)
miles downstream from
Syntex - Location 5
Spring River, 0.3 AACL402~- Sediment Dec. 15, 1983 - 27 (f)
miles downstream from
Syntex - Location 1
W - whole fish F - Fish fillet
[I] - Lab sub. number is unknown () - Total TCDD concentration
a - B - Bottom feeder / P - Predators
b - Fish species is unkown
¢ - Number of fish is unknown
d - Result is unknown
f - Laboratory analysis is unknown
& - Total species collected
h - Analysis of 2,3,7,8=TCDD and Coeluting Isomers in Sediment by GLC/HRMS
i - Analysis of 2,3,7,8-TCDD and pre-electing Isomers in Sediment by GLC/HRHMS
J - These samples were analyzed by Brehm Laboratory, Wright State University, Dayton, Ohio 45435 (file # 107-25)

The results sent to Robert L. Morby (chief, WMBR/ARWM) on Dec. 10, 1982. Therefore, these sauples were definietly
collected in 1982,

ND - Not Detected

CNFRL - Columbia National Fisheries Research Lab.

NCTR - National Center for Toxicological Research

UNL - University of Nebraska at Lincoln

EPA VII - Region VII Environmental Protection Agency Lab

17-8502-16 34

........Q.....O...‘..Q‘



!
ﬁ-

: Ppw

*

.4
2
-

>
-
3 P

=t

Zw5(e)(h)
b

w) ( i
G “eap
s 1300y = 36,  Ms
3(F) (b /.tm/ no,)s)%
A (b (o
B, §

.‘.s
o\

CJ

o
® S e 3
S o
& o g
S %4§z
».&fx. f,,.w, W B R e
PR " L & VW
.KA\J o o~ PRst®
S g e
. N g i
3 N =
- b
@ e
\ >

Table 28 3"7\”1“-5 River  bottom féefxffsavw\ ‘ﬂeo\ah«s pie Rt

(7. ¥S02.L - 36



o

A N e
/ 2/ 5 T " mve&
o/ § . M““E

s | o

Table ‘
able 2 A : Sfmh? Piver  lbottore fe,u{m ond
Y\“Qa\az'bvs 3
F"»C chad™

7. %569 - &< 25



BY PRTE ... i . DN SHEET OF

CHKD BY DATE _______ DEPT W.0. NO.
PROJECT
SUBJECT
(ocahon 198 { (9ra 9% 3 19€ 4
(D = W | v [N € | &
‘55(4 ;
locabhm 1 53;41.15__ 80 | 40 | 2% | 20 |40 | 4
(0.3 aales) | ;7
locahon 2 B B P N R B T
(2 miles) 1 .
Loc.a«hmj | =120l 1w | =11z ] 2
(6 awler) |
X Lw i
locahon 8- o Qgs e r ot limta
( QM\OA) | 5
o —— oo t i
_ | | ) (b
S ‘ 25 | 25! — &S |75 |3
(12 awalea =g = ' |

Table 3A:  Spring Rver  whdle sk and fivh filleb(bottoy feeders)
Tedd conumbalim (ppd)
& - Roerage valie ©f TeDD Conconbadyon
5 %,mhz%wk&hhx&mh i
¢~ w - uwhole M\
F o Fsh Rl

RFW 338-5-81

17.%%03_16 37




OWQ

BY DATE — SHEET OF
CHKD BY DATE________  DEPT W.0. NO.
PROJECT
SUBJECT
g g2 | 1a¥3 1954
Wealfm | o ir | 200 | o 2 e o
(0.3 awi‘e,s) E
|
Ukux.,h'm& 0.4 _ - N - — -
(2 awiler) | ;
L it
(ﬂuthg - - 40| (5 - | — — | —
(¢ owsler) | | |
- , !
. | |
" . 7 | |
Bz - =t ard o8 ezt pet o [ 2 0
(9 Mlu) , | |
Lecalion 5 T PN 40 | L - _— G | e
(1x M‘QA)

Table 32 '31>-r h hiver wole ?\%\ amd f\vg\ j«"c\‘ (P«cla.hrrs)
TeDD comeimbalion (Cppt)

SR G ) w?«cie g'\i'e\
F. Py J}\-H&

RFW 338-5-81 (7 _§502 -1 58



s -r

| / 4

w\ w\

£

I 3
n \ A A.nr Wﬂ
o JEI E 3 a\ \w

$ i z

IND) —~
/ < L iy A

L,l. = b

, 1333
] I e S
/

o —
| I B
{ i

[

/ / &

i 5

| sﬂ ul

un ¥ © \..ml ot < o
o V'S N wpauug

0 SOY SNOISIG 09 X 3100 | u.-._!.#_-uom

. MOA MBN ‘ORjng  NOILVHOdHOD

SI0HINOD JIHdVHO [E3dvd Hdve9

191 1982 198% \a%4 1985

V785t 39

(450



n
| E:
h o
7
b3
| 3
& i ] S
{
| -+ L
| S 2 1
/ -
/ ] I
| / s
/ ] TR
/ | £t
. & [ o) !
[ < a < m\lo.wa
_ / | =N
[TTI11 m
o
1 | i

agt

(480
17 - ¥504- 16 40

™~ 9 It l N i ot b4

w V'S N u prung
. . 03-6780-0v  SNOISIAIO 09 X 31943 | JINHLIYS01-IN3IS M\ . HOA MBN ‘Oleyng  NOILVHOJHOD SIOHLINOD JiHdVHS [HEdvd Haveo B ' ‘

(¢}



B, %%

N N
AT /
i 15546 w =
). p,
[ [
\ amn J

3)

T

(<
Hie

al | 11
| | [ S ’
A —
urn..... 7
= -
/ fmm
a i 3o
l = -
] I ] VAl |
| % | )
| g <
_ q
_ L
1
T :
| / i =S
[
| / o I . 3
7 S g B
/ / / (53
/
é / ]
Vi e
/ 7 y
G 6 4&\ o l - \lvll

o
w V'S N W pauug
9 52800y SNOISIAIO 08 X 31943 | JANNLAYIOT-INIS ) MOA MBN ORJNE  NOILYHOGHOD STOHINOD JIHdVHS [H3dVd HavES B

17- 8502 16 4




UA [Oiw

%

\.

- —

7N

($

»

0
)
)

. MOA MBN ‘OfelNg  NOILVHOJHOD STOHLINOD JIHdVHS [E3dvd HavE9

Vv § N w paauug

qe2 1983 5% 1985

9t

19§0

[7o%502 . 16 42



s
2

J

LA

T
9

avibiage dowonsfream  from Syrdese

[4
/ 2
= &< 9
W,
3
o
2 \
N
; rd
A
www_ N &
i o
=) ]
/ C m
N e
F & 4
N =
,M V'S N panung
13- 62800y SNOISIAIO 08 X 31043 | JINNLINYI0T-IN3S 0% . AOA MBN ‘OlelNg  NOILVHOJHOO STOHINOD JiHdVHS [B3dvd Haveo Bl .



0

g

03-6200-0v  SNOISIAIO 09 X 313 | ggu\

AL
A
= )
7
o
. <
4
o
(%)
L
i e
= T
e
< Joa)
B =$.
.
|
! =~
1
-r
A
-
y
N
@
v
=
m
~ - on o — et °

V'S N u paulg
MOA MBN ‘OeHNE  NOILVHOJHOD STOHINOD JIHdVHO Imud‘ﬂ Iﬂ(ﬁm-

17-%5c2. 16 44



N
/
T
T
e
4
& ~ p
/
y.
7
/ >
4 ‘ L
T
1 d
A
™ [=)
| o=
! = %
—
% \?
1 N o (
_ pus P 4
m ol [ -
TTHHT R4
HHH *
11 #
11
_H 1) N
[T N — .
AINRRRRANAN ;
M | | _ﬁ |
1 -
111 N
[T ]
T
| T
|
.
-
>
/
| - \
T
(C
/
/. | b 4
| N =
: oS
Q
@ g .
03-6200-0Y  SNOISIAIO 09 X 31043 | JINHLIIVI0T-IN3S (m HIOA MBN ORHNE  NOILVHOJHOD STOHINDD JiHdVHS [BE3dvd HaveD B .

17-%¥5c2 - 16 45



p——

nd

44—+ 1 1 1 |

|
T
] =
| -
L
N
/ 3
9
]
Il | o
t 0
, n
o d
|
. r
1 —

it

oE
sz

V'S N u pauug
w SNOISIAID 08 X 31343 | JINNLINYI0T-INIS . WOA MAN ORHNG  NOILVHOJHOD STOHINOD JIHdVHS [B3dVd HaveEs B . .




19¢5S

f

=i
3

989

Ty

34

ninan!

i) o

A\

)
1asa

AN

A
(95,

(7-850a . (6 47

_

(980

T3 <= N o~ — LN

m v S N wpauug
9~ 62800y SNOISIAID 09 X 31043 1 ANNLAYIOTINIS SO . MOA MBN ‘OHNE  NOILVHOJHOD STOHINDD JIHdVHS [H3dvVd HaveEs B . .



19¥5

—

J

§

B-GI0Y SNOISIANG 08 X 3143 1 u.-._!.:_-aw\

V'S N u paaung
WOA MAN ‘OelNg  NOILYHOJHOD STOHINOD JIHdVHO EMQ(& Ind‘mm-

. L g
rs “ M
v wg
N
I r : ml N
| Y »ii W
i < 3
‘w TN n
D i
p,
Pl
t T
T AT g
"4
| . i
[
[ o
. s
3 =
<
oo
o I
")
-
[}
\‘ l
(¢ i a
»
]
L~
™~ (LS 8} - N Y — oL *~



/
/
/
o /
V.
4
/
/ /
7 -
Pd / N
é Va 1l pe &
X L ; =
I\
/
W ﬁw
=) J = |%
/[ - ¢ \m
<
\ < N %
¥ J
7 / gl
>, /.
/
1
< = ¥
/ / £
: i
F o< 3
7/
P 4 [
/ acsrey
P %
/
/
\‘
b
o ~0 n < ) - = s

(Qw. )

13- 62800V gslug_&uiga

. HIOA MBN ‘ORyNG  NOILYHOJH0D

Vv § N wpauug

SI0HINOD JIHdVHO IMQ{& I&(Em-

1985

1ar3 Mnf

(avx

ag

17-8502-16 49

\9%0



O3-6700-0Y  SNOISIAIO 08 X J10A3 |

. WWOA MaN ‘OejNg  NOILVHOdHO0O

V'S N u paung

SI0HINDD JIHdVHO [H3dVd Haveo B

/
4 )
~
/ |
/ \
N
N D)
-
/
/
3
/ N
4
\
{ s
/
) -M H
/
7.
o 1 By
4
W L
x
5
T 2~ <
# =T 63
f ‘m { v
1
N (A
2
=
3 ()
N i
N
1 el
| \\l
|
|
7
|
Q- « s -

4¢5

\afg

1983

(982

(agt

950

17-%Sc2-16 50



6.0 DISCﬁSSION | ‘ | .

'.- , : _TCDD-adsorbed particﬁiates in s0il runoff acecumulate in
the sediments of water-courses, which then bedﬁme the ultimaté
sinks; Therefore, sediment materiél becomes an effective aﬁd
'eééily accessible monitoring tool for TCDD. Sediment-materiai
may_also pgovide informatidn dbout uﬁknown_TCDD sources as well
as facilitété identification of conbaminatiqd from'known sites,
'sinqe contaminants_in-sedimeht,_unlike.fish, cannot move
upstream;' Although, the sediﬁent sampling efforts by the EPA in
NdVegber 16,:1981|indicated that there was only'opé’sample
showing positive dioxin contamination af_igyels 12 ppt (refef to
table 1), t he rest;offéampling.éfforts in 1981.and 1982 weré not
detected. | - /

The analysis of stfeam sgdiments for TCDD appears to be a
viable tool for'determinidg the;extent and distribution of TCDD
contamination within thg'drainage aréa of a TCDD site. However,
the problem of sediment reloéation:méy cénfoﬁnd the
identific;tion_of*the source of contamination. Wakeham and
Farington (1980) reported.that_poliutant hydrocarbons may be
transpofféd great distances from Qhé source of conpamination and -
depogited.in sédiments of remote,géea.lFurthermore, as mentioned
early in_the Spring.River introduefion section; the upper reaches
of the stream are.subject to flodding on a“féirly regular basisg
The firét USGS gauging station on the Spring River is af

LaRusééll,_Missouri, 33 miles downstream from Verona. Average

‘annual daily flow rate at this station is 252 cubic feet per
second (cfs). Minimum and maximum floﬁ rates for the period of

record (1947 to present) are 15,000 and.22;500 cfs, resbectively.
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Thus, while sediment samples may be the best method for
identifying and mapping contamination, there are other factors
that must be considered when using this parameter for monitoring
purposes., The sediment statistical analysis was not analyzed due
to the lack of data.

Bottom feeder data were chosen for the fish statistical
analysis since there were more data points for bottom feeders
than for predator species (refer to table 34). Notice that in
Table 3A, a one-half value of the detection limit of the assay
Will be assigned to all samples which fall below the detection
limit of 15 ppt (i.e., as of table 3A, one-half values of the
detection limits of the assay were assigned to the samples at
location 5, 4.5 and 7.5 ppt in 1983 and 1984 respectively). The
pie charts 2A and 2B were also established for the convenience of
comparing TCDD levels of predators and/or bottom feeders within a
year, or among years,

Significant errors in fish statistical analysis may arise
from the effects of bioconcentration, bioaccumulation, and
biowmagnification factor (refer to 3.31.) as well as from the
discrepancy of laboratory analytical method. The following
assumptions were applied to the analysis in an effort to learn

the extent of dioxin contamination on the Spring River.

&

All fish samples were consistently collected (i.e.,
very similar in weight portion, age...) at samne
locations (i.e., 0.3, 3, 6, 9, 12 miles downstrean

from Syntex).
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®  All f‘is‘amples were consistently.llected in same
season each year (i.e., month of August).

# Laboratory analytical method for fish samples was
consistent and performed by the same laboratory.

Fish sampling efforts from 1981 to 1984 have not produced
enough data for the analysis (refer to Table 3B) due to the
discrepancy of sampling collections (i.e., locations, time). As
figure 1A indicated, there were only two (2) sampling data at
location 2, location 3 and location 5, from 1981 to 1984. Figure
2A showed that there were only two (2) sampling data at location
2, from 1981 to 1984, as well as at location 3 and location &4,
Figure 3A showed two (2) sampling data in 1981. Figure 4A showed
two (2) sampling data in 1981 and in 1983.

In statistical analysis, the fewer the data points the
greater significant errors yield. Linear regression was applied
to obtain a straight 1line through massing points in the x-¥
coordinators (refer to section 3.4.1). The plot of 2 data points
will yield a straight line with coefficient correlation of 1 or -
1, which is not an efficient source for interpretation of the
analysis. That could lead to large errors. In other words, the
analysis based on the available data is not reliable,
Furthermore, because of the lack of data, the Student's t
distribution was applied for estimating significant intervals of

slope (i.e., B1, B-2) and intercept values.
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Two methods wergpplied for the Spring Ri’ fish analysis:
1. Analyze the combined data points of all locations
(combined method), and
2. Analyze data points at 1location 1 and at
aggregated remaining locations of <concern
(aggregated method) to learn the extent of dioxin
contamination and the confidence aumong the data.

Figure 1B - whole fish (bottom feeders) TCDD concentration
versus time which is independent of locations (combined wethod) -
showed a significant decrease in the fish results with time (1981
to 1984). 1Its slope (B1) has a value of -0.26 + 0.27 compared to
that of figure 5B - whole fish (bottom feeders) TCDD
concentration versus tipme which is independent of locations
(aggregated method and cowbined method) which has a slope value
of -0.21 + 0.28, The difference in the slopes is approximately
20%. This indicated a reasonable distribution of whole fish data
at each location, in term of data consistency.

Figure 2B - fish fillet (bottom feeders) TCDD concentration
versus time, which is independent of locations (combined method)
- showed a significant decrease in the fish results with time
(1981 to 1984). Its slope (B1) has a value of -0.56 + 0.36,
compared to that of figure 6B - Fish fillet (bottom feeders) TCDD
concentration versus timwe, which is independent of locations
(aggregated method and combined method) - which has a slope value
of =0.79 + 0.56, The difference in the slopes is approximately
4os%. This indicated a discrepancy in fish fillet data at each

location, in term of data consistency.
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Also, figure ’(whole fish - locatio'l - aggregated
method) showed a significant variation in the fish results with
time (1981 to 1984). Its slope has a value of =-0.24 + 1.77
(table 9) compared to that of figure 6A (fish fillet - location 1
- aggregated mehtod) whiech has a slope value of =1.15 + 3.37
(table 10). Since the significant figures here are so large, the
anti-logarithmic values will yield to a large amount of TCDD
concentration in ppt.

Figure 5A (whole fish - aggregated location 2, 3,4,5 -
aggregated method) showed a significant_varation in the fish
results with time (19861 to 1984). 1Its slope has a value of -0,22
+ 1.27. (Table 9) Also, figure 6A (fish fillet - aggregated
location 2, 3,4,5 - aggregated method) showed a varation in the
fish results with time (1981 to 1984). Its slope has a value of
-0.44 + 0.37 (Table 10).

The above significance led to the conclusion:

# Whole fish data have less variational degree than
that of fish fillet data that probably due to the
bio~factors.

¥ The cowmbined method showed the tendency of TCDD
concentration decreasing with time more significant
than that of the aggregated method which has large
values of significant figures,

% Aggregated method showed no significant increase nor
decrease in the fish results at location 1 and
neither at other aggregated location 2,3,4,5.

Figure 3B (whole fish (bottom feeders) TCDD concentration

versus distance, which is independent of time - combined nethod)
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showed a significant decrease of fish results with distance., 1Its
slope (B2) has a value of -0.14 + 10.

Figure 4B (fish fillet (bottom feeders) TCDD concentration
versus distance, which is independent of time - combined method)
showed a significant variation of fish results with distance.
Its slope (B2) has a value of -0.11 + 0.26.

In summary, in the Spring River sediment study, another
factor should be taken into consideration. During the
transportation of contaminated sediment to downstream areas, a
slow but steady dissolution of TCDD into water 1lowers the
concentration of TCDD in the sediment (refer to 3.2.1).

Also, one can get an approximate idea of the probable
flushing in the upper reaches of the basin (refer to 2.1.1 Spring
River introduction). How many of these events actually inundated
the upper reaches of the basin is unknown and local residents'
menories of years of flood events are unreliable,. However, the
data (2.1.1) suggests that the system has been subjected to
considerable flushing. Therefore, sediment sampling efforts at
same locations each year are not necessary and it would not help
for the Spring River contaminant study.

Fish study indicated that very limited conclusions can be
nade regarding the extent of migration, Suckers (bottom feeders)
may travel 20 to 30 mile%and this would not be unusual for bass,
Also, fish can be expected to move upstream during the spring to
spawn. Concentrations of environmental contaminates in fish can
be expected to increase during the spring and summer when they

are the fattest.
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Fish statistical analysis for the Spring River fish study
cannot be reliable since it has a very few saupling data and a
discrepancy of data collections, However, regardliess of these
factors, the analysis indicated that whole fish data were nore
consistent and reliable than that of fish fillets. Aggregated
nmethod (analyze fish data at location 1 and at combined location
2,3,4,5) showed no significant increase nor decrease of dioxin
contamination levels with tiue at either locations, Combined
method (analyze all fish data at combined location 1,2,3,4,5)
showved a significant decrease of dioxin contamination levels with
time as well as with distance. However, the reliability of this
mnethod is in question and reliable person(s) should be considered

for the future Spring River fish study.
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7.0 - CONCLUSION ‘ .

Based upon the water discharge rates in the Spring
River at LaRussel, approximately 33 miles downstream from Verona
(annual average daily flow is 252 cfs); sediment samples are not
necessarily collected at the same locations in each year, since
the Spring River system has been subjected to considerable
"flushing".

Fish statistical analysis for the Spring River fish study
cannot be reliable since it has a very few sampling data and also
due to the discrepancy of data collections and the analytical
nethods. Also, bio-factors in the fish study were not taken
into consideration in the analysis. However, in an effort to
learn the extent of dioxin contamination on the Spring kiver, the
combined method (combine fish data of all locations) showed
signiticant decrease in the fish results with time as well as
with distance, The aggregated nmethod (analyze fish data at
location 1 and at the aggregated location 2,3,4,5) showed no
significant decrease nor increase in the fish results with time
at location 1 and showed neither at the aggregated location
2,3,4,5, Furthermore, whole fish data were more reliable andg
consistent than that of fish fillets.

Further fish sampling and analysis is needed for the Spring
River fish study. Fish sampling and analytical efforts should
fall into the following categories which are similar to the 1984
ffish samples and analysis.

# All fish samples should be collected consistently at
same locaions (i.e., 0.3, 3,6,9, 12 miles downstrean

from Syntex) or as near thereto as access to the
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river permits.
All fish samples should be collected consistently at
same season each year (i.e., wmonth of August).

Laboratory analytical method for fish samples should

be consistent and performed by same laboratory.
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BY DATE DIV SHEET OF
CHKD BY DATE DEPT W.0. NO.

PROJECT

SUBJECT

Q.0 - APPENDIX
31 locahms  (4.1.4)

Tt was Infended ol e samples be faflen of He following
camrl.‘v\z Locakms ((or as aear JRereto as accens o Re river permils ).

(1)- tocahn1 - 0.3 awiles downsfream fom HRe Facibily.

() lcahma - 3 owles downstream from HRe Faulily.

() locotimz = 6 wniles downdlrear from YRe Fautily.

(4) locabon g — 9 aniles doumslream from e -Fau&kﬁ

(5) locabon 5 - 12 ouiles downslream fom WRe fadilily.
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BY DATE DIV SHEET OF
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PROJECT
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lecahen Yl F ol e w | & v | F
i
Locakm | 1386 | — |549 {29333 3c0|349 | 139
(0.3 awiler) ’
|
Ll\(__q,hmi é3(yi 2| - - — — {369 | Lic
(2 M\QA) - | |
lecabms = |3ectsm - | <= |is6jiic
((; <W(b§) %
N i
1 i B
locahon ¢ L~ | e — — o — 1 — 124k 0.9
(9 ailes) |
o i
| ,
Lecalon 5 Pt I3agje9r — [lLsc el | Lo
(i M‘u> i . |
L ' |
Table3d 1 -‘Qc*%ar_i*‘f\mk UdQM&A el TCdy u:v\%\\fc_khw_\__o§ whele
foloomd fioh o filleh af e Speing River .
o - W. uvhwle {'\99\ o . |
£ F\W\ “?\”ﬁ#g l)G'HUYY\ {’QQ«Cle-rg

RFW 338-5-81  [7-§502- 16 64



BY DATE— DIV SHEET OF
CHKD BY DATE_________ DEPT W.0. NO.
PROJECT
SUBJECT
U R Y ERE) 1ag3 asq
Lecahon TN AR —
Jlsuu = UURE - VU w | F
A ;
Lecabon 4 1250 = 1549369 133330 365 |3
i ! !
o
Cenbinsed Qocabion 2345 362 2,24 3 ey | |1.se 1290 | g

| !
i : i
: el

~ —— —— e~ v

‘rft,-\)"t 3C ‘QL%&,\A.HUWL U‘C\.C,u.{,& VI TCOD C.trr\u't\}\'(\,\\(’\\ O“ “‘-‘((LIL
{—.'VV\ omzl (;\‘ve\ f{”d’ vfn’ Leabm 4 amd comdnnad
‘Qaca*\'m 3, 4,5

a - W. whole f\#\

hettern feed
Fo Fh %uwg T fesders

RFW 338-5-81 '7-8%02 - (6 Cg




STUDENT'S t DISTRIBUTION

~
/ AN

17- $502 -1b GG

| Probability of observing a deviation greater than t is:
Degrees of
freedom 0.005 0.01 0.025 - 0.05 0.1 0.25 0.35 0.45
1 63.657 31.821 | 12.706_ | 6.314 | 3.078 | 1.000 0.510 0.158
2 9.925 6.965 4.303 2.920 1.886 0.816 0.445 0.142
3 5.841 4.54] 3.182 2.353 1.638 0.765 0.424 0.137
4 4.604 3.747 2.776 2.132 1.533 0.741 0.414 0.134
5 4.032 3.365 2.571 2.015 1.476 0.727 0.408 0.132
6 3.707 3.143 2.447 1.943 1.440 0.718 0.404 0.131
7 3.499 2.998 2.365 1.895 1.415 0.711 0.402 0.130
8 3.355 2.896 2.306 1.860 1.397 0.706 0.399 0.130
9 3.250 2.821 2.262 1.833 1.383 0.703 0.398 0.129
10 3.169 2.764 2.228 1.812 1.372 0.700 0.397 0.129
11 3.106 2.718 2.201 1.796 1.363 0.697 0.396 0.129
12 3.055 2.681 2.179 1.782 1.356 0.695 0.395 0.128
13 3.012 2.650 2.160 1.771 1.350 0.694 0.394 0.128
14 2.977 2.624 2,145 1.761 1.345 0.692 0.393 0.128
15 2.947 2.602 2.131 1.753 1.341 0.691 0.393 0.128
16 2.921 2.583 2.120° 1.746 1.337 0.690 0.392 0.128
17 2.898 2.567 2.110 1.740 1.333 0.689 0.392 0.128
18 2.878 " 2.552 2;lQi) 1.734 1.330 0.688 0.392 0.127
19 2.861 2.539 2.093 1.729 1.328 0.688 0.391 0.127
20 2.845 2.528 2.086. 1.725 1.325 0.687 0.391 0.127
21 2.831 2.518 2.080 1.721 1.323 0.686 0.391 0.127
22 2.819 2.508 2.074 1.717 1.321 0.686 0.390 0.127
23 2.807 2.500 2.069 1.714 1.319 _0.685 0.390 0.127
24 2.797 2.492 2.064 1.711 1.318 0.685 0.390 10.127
25 2.787 2.485 2.060 1.708 1.316 0.684 . 0.390 0.127
26 2,779 2.479 2.056 1.706 1.315 | 0.684 0.390 | o0.127
27 2.771 2.473 2.052 1.703 1.314 0.684 0.389 0.127
28 2.763 - 2.467 2.048 1.701 1.313 0.683 0.389 0.127
29 2.756 2.462 2.045 1.699 1.311 0.683 0.389 0.127
30 2.750 2.457 _2.042 1.697 1.310 0.683 0.389 0.127
oo 2.576 2.326 1.960 1.645 1.282 | 0.674 0.385 0.126
16\})‘6 4 . SMQ.AL‘} /.S ‘l. Ci\'s}’!.\\)ukvv\ CRD“’t-




Mg CONBIA TANTS

BY DATE DIV SHEET OF
CHKD BY DATE DEPT W.0. NO.
PROJECT
SUBJECT
9.2 Caleufaloma

TRe gulow:.\a calenlahims  were based o e cmumphons of
a. Ml SR sampler were cmsdstentty coflechd (e, weight
poon | age ) af same doeabms (V.¢, 0.3, ¢,9,12 awiles
dovon.fream ffom Sycfes)
b Al fR gammples wsere m«dadveﬁ wllecked at some
season each year (i€, omonlk of Auust).
c. Lboroby omaliheal melhod for peh sommples s
enistent” ond  performed by Ra wome  Laborobory
321 Pot o oapk of whole fxh (bottom. feeden’) Tedo

concuntalion vernur fme for eack Locakion on HRe Spring River, uxing frear
Leart squares mmelhod (* froure 14).,
Step(1). y Tude points ( fable 38)
2x.  Table 3b D locahon 4

1981 198 3 1a¢3 1984
w W w w
Locahm 1| 386 5.9 233 3.69

. U?\Mb Lirear KLeast ﬁuareg omelhod (34«\)

RFW 338-5-81 (7_8501 .16 67



o WKEN e
N |\

BY DATE SHEET OF
CHKD BY DATE_ _______ DEPT W.0. NO.
PROJECT
SUBJECT
w= 4
- +24+ 3 *4
X = — = = Q850
4
3 23 +519 4+ 333 4369

4.0%
4

Z6F () (e Y+ @) = 30

z@pﬁ (3.sc)z+(5.m)‘+ (339)" + (3.(;5)z - 6954

(z»c)L; (1+2+3+ %) - oo
(z9)°= (250 +519¢333 4 3.63) - 25835
Zx= 1©
2y= 1607
Zxy = {O)(zl@% + i(t) (s.m)i ¥ {(3)(3.33)}+ ?(4)('5.6‘))}
- 32.99

% (5),),0) D 3.4

2
'SX)& - Z’,J—_ (Z") - 30 _ l’gf‘ _ g
n
- T (Z:%)L 58,25
5 Ty - 6954 - = 4.9
S = Zxy - ZEIY L 399 (10)(te.07) LB
4 = .

RFW 338581 (7.%502 - {6 G%




o WHEN e
_— DI

BY DATE SHEET OF
CHKD BY DATE__ ____  DEPT W.0. NO.

PROJECT

SUBJECT

tq.(2), 3), (4) D 3.4

Equahen 6_‘ dire (y= onx (b)) for TeDD conconoNm versus ke

ot Locahon 4 .
where :
I - g - -0.24
Sx S
b Y- mxX = 4o02. (—o-zte)(z.sq = 4.6\
Az LS"} - il - _ 0.3767

\/Sxx-&a% , \/ (). (49¢)
gw‘wu‘Qa.rQS}

Locakon 4 (1) localim (2)  locakon 3(3) locakon ¢(4) Llocakon 5(5)
~Pm3-_ ~0.24T + 4.6 "Pn\a: 0.027+3.60 -&x%: -0.237+3.44 — %az-o.uno,.z;;
A .0.3767 Az 1000 Az -h000 A< - 600

Hept) Use Ko above equaborn (1,2, 3,9), cal cullabe. He dak ponts
:ﬁx each Locohon o in eack year.

€y ! Q‘1. Cl)

gz -0.24T ¢4

!’

RFW 338-5-81  ({7-%50L1 _((C €9



mg COMNBULTANTS

BY DATE Div SHEET OF
CHKD BY DATE DEPT W.0. NO.
PROJECT
SUBJECT
for T= H(an) = hy: -0.24(1) +4.01 = ¢.37
T=2 (1982) = -‘?fws—_ 4. 14
T-3 (1923) = #ny 390
T=¢ (1984) < -9m3-, 5.06
%‘m‘?aren)
19§) 1952 1983 f;ﬂ
437 (eq.1) 414 (eq.1) 290 (eq.1) 6L (eq.1)
362 (eq.9) 3.64 (e-\.z) 3.66 (eq.b) 3.6% (679
822 (a,.'b) 3.00 (_01.3) 178 (eq-3) 1.5¢ (&4.3)
383 (e3.9) 3.21@(’.5) 262 (e1.9) 2.0t (¢4.5)
Awuﬁo,: .76 3.50 3.24 2.0

H(B) From o above aoexaﬂ.:, \hﬂtu._sl nyf o «Tm.rk o% wlole
en'\(boﬁm fu’,c(exs) TEPD contmbmbon  versun bma (191,
1982, 1983 , 1984 ) | ool '

- (ﬁ?ﬂ\l Ib))
\»—mg Lraar Leoat u‘uwre,c, matfod. (3.4.0

-9'\\3: - 0.26T + 402

A = _).000

REW 338-5-81 17-8502 - IG 70



OF

BY DATE
CHKD BY DATE
PROJECT
SUBJECT

&F@Q Caladate Re cm.fw‘uux. inforval  bosed o Shadent’s t
ol\'s}ﬂ'huhm ,\m‘.\& 662) ur-\f\alu\u, Linibs o %\ore_ omd
Luiwmr\' voluen ( 3.4.1.) :fnr He ahove ‘o‘.uahav\
- Dabo penks  fren Q.24 (2)
v= b
- %«\3; _02bT 4 4.02 (05.2.\.(3))

'ET I P 3.4.3 _ Caleulade & value

(% - Iy O \))z
Rp q4.2.1.(2) 9D @ (7=1)
{4.%7 _ (-0.26)(vY) _ g.02 il - 0.372)
g 368 - (-0.26)(1) _ .02 5" = 0.0196
g 3.29 - (-0.8)(1) _ 4.02 ?31' - 0.296
§ 383 _ (Lox)(1) - 402 3‘ - 0.0049
Qami&re,g)
19¢\ 19t 19r3 1984
0.372] 0.7969 0.4225 6. 4489
( b)L 0.0 0. 0190 0.1764 0 .4900
LA N
3 0.291 0. 1500 o0.5%4 0. |7Gq.
0 .0049 0 0784 0. 7744 o 9409

RFW 338-5-81 1 7- %502 - 16 7/



om@‘@m ®

BY DATE SHEET
CHKD BY DATE DEPT W.0. NO.
PROJECT

SUBJECT

z

s, -mx -b
S N z (‘3 - )
g (5.3801) = o0.38¢4
le-x
S = 0.6200

Toble ¢ with 14 aleaxeos of fruzdcm ard P - ©.025

t: 2145
=Eq, € D 3.4.2.

Ze¥ e (@ @ (8P -

(Z X )z'

!

Z
(|+z+3+q») - (Kole]

mt Lt N

vwEZ e - (2%

i

(U

{t

_0.26 + (2145) (0.¢200) \[

(6(30)- 100

M = -0.26 1t 0.27

RFW 338-5-81 17-€502 -6 724



BY DATE—— DIV SHEET OF
CHKD BY DATE DEPT W.0. NO

PROJECT

SUBJECT

P bt zo¥
P Z () -(Z X)L

- ¢.02 2 (2145)(0.c200) 30
| ¢(30) - loO

3.22. Tlot a qmpR of fivk fllet (bottom §ee4m> TCPD conconthim
venuwa  hma for each Locabon Yoty Linear Reant Squaret ametlod
(Fpos- 2
Ppply e sinilar emeRod (9.2..0),2),6), @)
Slep(t) doka gowds  (fable 3m)
Locaven 1 (1) locahwe(2) locabim 3(3) Locahon 4(a) locakven 5(5)
%9:-\.151+6.‘q %\s:-o.swf-s.qz -pn\j:-o.etT+4«31 —&g:-o.sqnz.ocp- hy 00974009

Az -0. 744 AT - 1.0P0 A= -1.06D A= -1000 A =0.%032

RFW 338581 (7-§503. 16«73



DESIGNERS g CONSULTANTS

BY DATE

DIv SHEET OF
CHKD BY DATE DEPT W.0. NO.
PROJECT
SUBJECT

lkt(’? PBared on KR above r.q'ug,]\‘mg,(l) 3,3, 4)5)) cal cuthle alaJu
Po\‘ul-s ﬁveuop\ docobhon In each Year.

199 1982 1983

- it 193¢
4.9 (eq.) 3.84(eq.1) 269 ( eq.1) .54 (eq.))
182 (eq.2) 2.24 (e9.2) 1.65 (1.2 106 (e3.2)
3.5 (eg.3) 271 (&) 191 (e9.3) 10 (e@
170 ( eg. 4) 136 (€4.4) 02 Leq.q) 0.6% (e5.4)
om (1.5 Lot (eg9) 17 (e4.9) 26 (op3)
Auerge: 2.0 225 1. €9 NE

Slep(3)  From e above average wmluas (4.1.2.(2)), plot o
%m.rﬂ ooc f\‘s& {1‘”-()' (bo‘hlvm fe,e_a!m) TCDD Concombralim
versua  Fime , wic R (s udermc\ud— 0& A (-fdrum.ui)
uzm% Rireowr Loout \quare s areeifod |

"eﬁ\a: -0.56T 4+ 3.3¢

JL - -— '\060

RFW 338-5-81 {7.8502-16 74



m§ CONSLLTANTS

BY DATE

DIV SHEET OF
CHKD BY DATE DEPT W.0. NO.

PROJECT

SUBJECT

Sep(g)  Coleulited He confidence infervmd boased on Shudent’s
t &B"Y\bu.’)m ,ub:r\.a, qfaZ) w\?o{u\u_ Lmh o s]or-o.
ond tndercept mbuas o He above egquabim (9.2.2. ()]

From 9.2 2. (2).

V= 20 = Ix olezre,e_; of freedom
P = o0.025
t - a0 (Hble ¢)
S = 0.8454
M= -0.5 T o3¢
L= 33 to0.43

923, Plot a ogaph of whde firk (botbrn feeders) TebD
cononhabion verws distmee for cack year of Sompling
coflechon (+c3w; 3A), ey Biaay Leask squares analthod
Pply e winilar omethod [ 2.2 01),(2),),@)].

RFW 338-5-81 17-8502 -1 75




OESIQNERS g COMBALTANTS

BY DATE DIV SHEET OF
CHKD BY DATE DEPT W.0. NO.

PROJECT :

SUBJECT

Yep ()  dakn poinks (bl 3 6)

1 (1) 1982 (82) 143 (3) 1984 (¢9)
-emz-, -0,09% +3.89 ~PM3: <D.I7X + 4.8 - «fma-_ _oltx+ 3.83
As - Looo A= -0, 8082 A~ -0 4486

Slep(s) Uwe R above eﬂw.kom (ey 83,08) , calelabe o dohn
Locahon 1 locahon 2 locakm Locakon ¢ locakms

3.36 (eg.9) 3.62 (eq.01) 335 (ep. 1) 2.09(eg.t)  282(eqw)
4.77 (eq.%2) ¢.32( €. %2) 2.5 (c«:'.x'z) 3.32 (eq.xa) 2.42 (a'.&)
3.7¢ (4. 39) Eﬂq.eq) .z.%(eq.m) iﬁ_(e‘]‘g‘o %,eq)
hocrage - 4,1 3.77 3.35 2.a5 1563
Sep() From We abooe amroge mbuas ) p o qrph of
whole.  fiek ( bottm ferders) Tepp comconbmdion vens
divkmir | WRCR B indegenduat of e (et 28),
viriny inear Loaat squarer anellod.

Ty -0.l4x + &\8

L: - l.wo

RFW 338-5-81 17. %5504 ~16 76



OESIGNERS g CONSULTANTS

BY DATE DIV SHEET OF
CHKD BY DATE DEPT W.0. NO.

PROJECT

SUBJECT

Shep (a)  Calewlale He confidence inbervmt boned on Shudent’
t diskibubon ) ny 95 confrdence imiks on slope
ond infercept vnfues.

Fromm a.2.3  (2).
Nz 15 o 13 degreen of freedom.
P - 0035
t: 2160 (able ¢)

S - 0.68§5)

= 4T 0.43

/h - _o.% ¥ 0.10
&

3.2.4 Pk o gupR o poh fllet( koffom feeden) Tepp
conconbtion versua distamer for each year of sampling
collechon (ryre 4A) ) wing Liaar Lot squares
avalRod.

Bpply Hhe oimilar amadkod (9.2.1. (1) ,0),6),@)]

RFW 338-5.81 17-%502- b 77



mg COMBIATANTS

BY DATE

DIV SHEET OF
CHKD BY DATE DEPT W.0. NO.
PROJECT
SUBJECT

s;_Et(Q dats.  (fable 30)

e (w1) 1982 (&2) 1983 (83" 1954 (4)
B \3: -0 19x +3.4) 4o Y= -0.24x +3.Y9 4»3-. =-0.13x 4+ 3.04 *n%:—o.oqx.f\-ll
Az -1.680 Ar - 0.9%4 n= ~1000 Az 0.619¢

_&t(z) Use e above u'uahms (9\,!2,*3,94)) callendafe e

loeahomg  locabon 2 locahm3  locabm¢  locahim
339 (&) 2.%¢ (s 2.27(n) L70(®) 113 (+1)
382 (82) 3.4y () 2.45 (&) 73 () 1.01 (82)
3.60 (33) 2.65 (43) 2.26 (®3) L87(%3)  L4r(®3)
127 (x8) 116 (e4) 1.04 (¥4) 0.2 (%¢) 0.%0 (v4)

Poetage 1 2.7 2.4L 2.00 .56 l.10

fwe\ fr.‘"el' ( boHtorn *QIQAUS).T(—D.D-Q\CMMM versun
ch\faw.e) wlidh. 0 tnclzrusa'ust of tree (foune 4&),
ub'ixé bineor Leoat sques anetfod .

B g2 - 0% + 158

A= _0.9373

RFW 338-5-81

|7-8602_16 7%



mg COMBAL TANTS

BY DATE

DIV SHEET OF
CHKD BY DATE DEPT W.0. NO.
PROJECT
SUBJECT

Step(a) Calendabe He confidence inkervad bared on Shadest=s
£ dishibubon ) Whiny 957, u»\};clmu, PriR e glope
omd infercapl” valiucs .
From 9.2.4. (2) .
N= 20 = ¥ c\ugrus of fLreedon
P~ ©.0258

t= iov  (fable 4)

Q = |‘9537
M -0l T o020
b= 2.5 T 09¢

3.2.5.  Pob o guph op whole fnﬂ( botfom feeders’) Tepp
omcondmbion. vorua Jimi for focabm 4 and combind
bocakon 2,3, ¢, Pon e Ypring. River (fropne 54,
Uring Hinear Kok squanes anatfod.
Poply  He sinitar awdfod [ a.21.0),0),6),6)]

AFW 338-5-81 {7.-8504 -6 29



BY DATE

OF

CHKD BY DATE

PROJECT
SUBJECT

Eﬁiz Aok Pm.}s ( table 3¢)
Locakon 4 () Localion @) ()

#n%-_ - 0.2¢T + 4.6\ -R-\%: —06.22T +32.72

A -0.3767 A= -0.9105

Skp (Ngy  (olenbak e confidence interoal based on
Shadent’s t dishibubion. ) urtng 957, comfiddence
bk o slope amd  indereapt mbuen.

¥ €9.0) dhy:-0.247 1 461 D locabmt
Table 3¢
N 4 o 3 degress of freedom
P - 6.025
t = 4303 (able ¢)

¢ = 0.90(

Mz -0.24 % 177

RFW 338-5-81 (7§50 _l6 GO



CRWEST NI

BY DATE DIV SHEET OF
CHKD BY DATE DEPT W.0. NO.

PROJECT

SUBJECT

% 5. (%) «P;-%; c022T 4378 D locahm *
Frrn fable ac
M2 B = ( degren of ffud.m
f - 0.025
£z 12700 (bl q)

¢ = 60.2164

Mz -0t L7

(17 = 3.7t 337

gj'_“ﬁ (L) Use Hae above quakm (l,*>) calandate HL

198\ 198 198 3 \ary

437 (e1.)) 4.4 (eg.1) 390 (eq.1 5.00 ()
| é.s_o (a’.-ﬁ) 5.29 (e«,-lr) _ lls.o'e (e7_’¢) - 2.9 CC‘)-"’)
A&uje-. 3.93 | 2.71 3.4y 3.3'0'

RFW 338-5-81 {7_§502 _16 S|



DESONERS 5 COMNSULTANTS i

BY DATE DIV SHEET OF
CHKD BY DATE DEPT W.O. NO.

PROJECT

SUBJECT

341.‘3(3_) From He above average values | ploFa gk
O,f whole bk (bt ge,w'qs) TedD concombralnm
versua “WM R ulieh s ‘\nc'c_r-en\c(em‘- 0,3, Locahons
(f\w S fb)) uum% Linear -ee.a.&f"&a)umu veeHiod.

R (a: -0 T + 4.3

A= -0.99%7

QE’Z@) (L adake e umg,.alew\c,e, indeorvel bared on 3Mut7,
t alt‘sln‘l:u,}\‘ah) wh\x} ")‘52) um,?‘clm LwiR o s,ope
ond fnLRxce.fl‘ valugn .

P -3,:_ 0. 2T + 4.\3

frem 9.2.5.(2) v ¥ = Gcluafw«s C;,Bj”'@dm\
| | P - 0-62.‘5
b 2447 ( Bble 4)

$= 0.4799

AA: -o.u = 0.¢
(=

4.1 7 0.54

RFW 338-5-81
17- %S0 16 ¥



w CONSIALTANTS

BY DATE DIV SHEET OF
CHKD BY DATE DEPT W.O. NO.

PROJECT

SUBJECT _

Q.26 Mot a gupl of fok Allel ( hotlem Peeders YTenp
Conemhahn versus fime for Localion 4 omd  combined
Cocabion 2,3, 4, 6 ((Gcabim 4 ) on Re “priny Aiver
(fogue ¢a) ) wsingy Baar -&aku)w avatiod .
Apply e sinilar avellod T g.2.1.01) £)B),0)]
Skep(t) Ao porks  (fable 3¢)

Locahon 4 (1) Locahom & ()
&%; - 1.15T +6.14 Ay z-0.44T + 209
Az -0.9744 A = —60.9€30

&E(lw (alenlale e Lp-\g(olenw dorual bared on Stuidendt’s
t dtskkuf‘m ) Mv\.& ‘752} | com.sqc'mu_ Limih on %'oy{
oned l‘n-k’xa,,)"' valuex |

« () hoy- _1isTy 61y D locakon 4
Fom ‘l:ah:\e.‘ac_ V-3 > lJezare,e,oﬂcf.onn\ |
P = b.025

t=127¢C (Hble ¢)

S = 6.375(

RFW 338-5.81 17- %502 (b6 &2



AWESTCRI

BY __ DATE DIV SHEET OF
CHKD BY DATE DEPT W.O. NO.
PROJECT
SUBJECT _
/h-_ - LS t 237

p= G4 T ID.4

& Tq. () By = =0.44T T 2.2 S locahon %
Freon Bble 3¢, Pz 4 > 2 de?fecs o} freedom .
P= o025
t = ¢.303 (fable 4)

S - 0.1929

Mz ~0.44 L 0.37
(5': 2.8 7T 1.0

Shp(2)  Use Hhe abose oquabinms (1,%) [22.6.0)Y] ) caleulede
R Jab\'x;wl'x {fwwk geor ol zach Locakion .

Kal 1282 13€3 (924
499 (eq-1) &y (aIJ)' acq(a‘ |)' . |.$4_,(e;’ﬂ.'|)
2.5% (_UI*) 1.95 (Cq*) L.5] (61 *) ).07 (a] 1?)

#fuuu.se-. 26% 2.%9 .10 1.3

RFW 338581 |7-8502-16 54




mg CONSULTANTS '

BY DATE DIV SHEET OF
CHKD BY DATE DEPT W.0. NO.

PROJECT

SUBJECT

94££(3! From e above average \,w-.p,u.l.s) rQ-Of' a oxm.rk
°f ﬁ‘K ;\“d‘ (bo'ﬂm\ Mm) TeDD concanmbon
venus Rrme )u)-a,\\)\ fy iud&ru\o‘w of Heahma
(fopar €8) , uns\\.b_o&‘uar Leanl~ Squares omatfod

Az L0794 4.47

A = - 600

Shep(4)  allewdafe e codidence ikl hued on
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TECHNICAL ASSISTANCE TEAM FOR EMERGENCY RESPONSE REMOVAL AND PREVENTION
EPA CONTRACT 68-01-6669

TO: KENNETH S. RITCHEY, DATE: 05/01/85
Project Officer
U.S. EPA, Region 7

FROI: MARK D. HANSEHN/HILU Q. VU TDD#: 17-8502-16
Region 17 Weston TAT TAT#: 17-F-00740

THRU: RHETA J. SMITH}

Region 17 %fT

RE: Spring River Fish and Sediment Dioxin Data
Statistical Evaluation

The attached copy is the first draft of the statistical
evaluation of the Spring River, Missouri, fish and sediment
dioxin data. Region 17 TAT members lark D. Hansen, Hieu Q. Vu,
Corry dJ. Shedd, David M. Svingen, and Glenn M, Curtis contributed
to the EPA file review and data organization. The draft document
was prepared by TAT members Hieu Q. Vu and Mark D. Hansen.
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Your review/commrents are appreciated.
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Roy F. Weston, Inc.
SPILL PREVENTION & EMERGENCY RESPONSE DIVISION
In Association with ICF Inc., Jacobs Engineering Group Inc., C.C. Johnson & Associates, Inc., and Tetra Tech, Inc.,
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